This inhibitor can circumvent the pro-tumoral effects of CA-MSCs. As high concentrations of CXCR1/2 ligands in blood from patients can be associated with chemoresistance, CXCR1/2 inhibition could be a potential therapeutic strategy to revert chemoresistance.
INTRODUCTION
Chemoresistance is a major problem concerning the treatment of cancers, whether they are solid or hematologic. Moreover, concerning ovarian cancers, resistance has been found to develop against many chemotherapeutic drugs. It can occur during treatment or several months post-treatment and is associated with an impaired prognosis. The chemoresistance of tumor cells could be caused by molecular alterations affecting metabolism, growth control and apoptosis pathways, uptake or efflux of the drug, targeted receptors, etc [1] . Chemotherapeutic agents may induce a rapid host response involving a "storm" of cells, cytokines and growth factors that promote angiogenesis, tumor regrowth, metastasis and chemoresistance [2] [3] [4] . Thus, chemoresistance could also be due to the microenvironment surrounding tumor cells.
The tumor microenvironment can include various different types of cells (endothelial cells, fibroblasts,
adipocytes, immune cells, mesenchymal stromal cells (MSCs), etc.) as well as the extracellular matrix. In this study, we paid particular attention to MSCs.
MSCs are multipotent stromal cells that can differentiate into adipocytes, chondrocytes, osteoblasts, fibroblasts and vascular structures [5] . They can be isolated from different tissues including, among others, bone marrow, skeletal muscle, adipose tissue, the circulatory system [6] and tumors. In this last case, they are known as cancer-associated mesenchymal stromal cells (CA-MSCs) [7] . These cells have pro-tumoral properties and can stimulate growth and angiogenesis as well as the chemoresistance of tumor cells. This phenomenon occurs through the direct interactions of CA-MSCs with tumor cells [8] and/or the release of various factors including cytokines [9, 10] , growth factors [11] , exosomes [12] and fatty acids [13] (for a review see Le Naour and Couderc [14] ). Using a model of human ovarian adenocarcinoma, we previously described how factors released by CA-MSCs could be associated with chemoresistance. These factors activate the PI3K/Akt/mTOR pathway in ovarian cancer cells (OCT) to stabilize X-linked inhibitor of apoptosis protein (XIAP) and induce chemoresistance to carboplatin [15] .
Concerning factors released by MSCs that could be involved in the acquisition of chemoresistance by tumor cells, several authors have identified CCL5, IL-6 and the C-X-C motif chemokine ligand 8 (CXCL8 or IL-8) [16] [17] [18] . This last cytokine has been implicated in a number of inflammatory diseases involving the chemo-attraction and activation of neutrophils. Wang et al. have shown that the autocrine secretion of IL-8 by tumor cells induced their chemoresistance via a downregulation of the expression of effective caspases and the upregulation of several genes belonging to the multidrug resistance gene family such as MDR-1 or the anti-apoptotic gene family such as BCL-2 or XIAP [18] . The inhibition of IL-8 expression induces the chemosensitization of tumor cells. IL-8 and more extensively chemokines that bind to the same receptors, such as CXCR1 and CXCR2 ligands, could be involved in the acquisition of chemoresistance via the recruitment of MSCs around the tumor [18] .
The signaling pathways activated by IL-8 (PI3K and phospholipase C) are stimulated though the interaction of the cytokine with CXCR1 and CXCR2 (CXCR1/2) (IL-8 receptor A and IL-8 receptor B) which are expressed by neutrophils, monocytes, endothelial cells, astrocytes, microglia and different types of tumor cells [19] [20] [21] . Browne et al. have described a strong correlation between the expression of CXCR1/2 and the grade of ovarian tumors [22] .
Beside its role in chemoresistance, IL-8 can also stimulate the immune system [19] . It is a chemo-attractant for neutrophils, and could also interact with monocytes, as they express CXCR1/2. Monocytes differentiate into macrophages when they infiltrate tissues and represent then an important component of the ovarian tumor microenvironment (Tumor Associated Macrophages or TAM). They have great plasticity and can differentiate into several functional states in response to signals from the microenvironment. M1-macrophages have tumoricidal activity through the secretion of cytotoxic factors, while M2-macrophages generally only produce low levels of reactive nitrogen/oxygen species (ROS), exhibit low amounts of antigen-presentation and suppress anti-tumor immunity. Several studies have reported the recruitment of M2-macrophages to solid tumors in response to chemotherapy [23] . These macrophages provide an immunosuppressive microenvironment [24, 25] , participate in angiogenesis through the release of vascular endothelial growth factors (VEGF) and protect tumor cells against paclitaxel chemotherapy for solid tumors [26] or melphalan-induced apoptosis in the case of multiple myeloma [2] .
The complex interactions between MSCs, macrophages and tumor cells involved in tumor growth, neoangiogenesis and the acquisition of chemoresistance need to be elucidated, as the tumor environment ultimately determines the clinical behavior of the disease (progression and chemoresistance) and has a direct impact on the overall survival [27] . Ovarian cancer patients frequently form ascites, which refers to abnormal accumulation fluid in the peritoneal cavity. The fluid from which contains tumor cells, stromal cells and the factors secreted by these different cells.
In the present work, we isolated and characterized MSCs directly from biopsies of ovarian cancers to compare them to bone marrow -MSC (BM-MSCs). Then, we designed a model mimicking what could happen in the case of cancer and observed that malignant cells modify the phenotype of MSCs and induce their differentiation into CA-MSCs. We compared these "induced" CA-MSCs (iCA-MSC) to native BMMSCs in terms of their potential to induce chemoresistance in ovarian tumor cells (OTCs) via the release of secreted factors, and moreover we identified CXCR1/2 ligands that could mediate the actions of CA-MSCs.
As these receptors are also expressed on macrophages, we evaluated the effects of IL-8, CXCL1 and CXCL2, secreted by CA-MSCs, on the polarization of macrophages, in addition to their effects on the acquisition of chemoresistance by OTCs. Finally, we observed that CXCR1/2 inhibition could sensitize OTCs to chemotherapy and repolarize macrophages to an anti-tumoral phenotype.
We show that, in part, OTC chemoresistance appears to be due to CA-MSCs, which are found in ovarian tumors and are capable of secreting chemo-protective factors, including CXCL1, CXCL2 and IL-8 chemokines. High concentrations of chemokines in the serum of patients at the time of diagnosis is associated with carboplatin resistance. The combination of a CXCR1/2 inhibitor with conventional chemotherapy may be a promising therapeutic strategy to avoid resistance. In addition, this treatment could also be considered as an immunotherapy able to repolarize macrophages to an anti-tumoral phenotype.
RESULTS

CA-MSCs isolated from tumor biopsies confer chemoresistance to OTCs
We isolated cells from freshly extracted human ovarian adenocarcinoma biopsies (n=12). These cells were selected based on their adherence to plastic dishes. They presented a fibroblast-like morphology as BM-MSC ( Figure 1A and 1B). These cells were then sorted according to the expression of CD73, CD90 and CD105 ( Figure 1C ), which are classic markers of MSC. They present the same phenotype as BM-MSC as they express CD73, CD90 and CD105 and do not express CD14, CD20, CD34 and CD45. These cells are "cancer-associated mesenchymal stromal cells" (CA-MSCs).
Next, we evaluated the ability of CA-MSCs to induce chemoresistance in OTCs. For this purpose, we cultured IGROV-1 cells, a human OTC line, in the presence of conditioned media (CM) from CA-MSCs and treated the cells with carboplatin, which is the gold standard in ovarian cancer. Cell viability was evaluated after 48 hours and the concentration of carboplatin that inhibited 50% of cell viability (IC50) was calculated ( Figure 1D ). As shown Figure 1E , CA-MSC CM induced an increase of 44% in the IC50 of carboplatin on IGROV-1 cells. All the CA-MSCs that we cultured (n=12) could induce chemoresistance through released factors ( Figure 1E and S1A). CA-MSC CM also induced an increase of 33% in the IC50 of carboplatin on another OTC line (SKOV-3 cells) ( Figure S1B ).
BM-MSCs could differentiate into CA-MSCs in a tumoral microenvironment
MSCs can display different phenotypes and functions, depending on the type of tissue from where they are isolated, including, among others, ovary, bone marrow, adipose tissue, heart and bladder [28, 29] After 21 days of culture in the different conditions, the BM-MSC media was changed for complete DMEM.
After three days, these media were isolated and called "physiological MSC CM" (when the BM-MSCs had been cultured in control medium) or "induced CA-MSC (iCA-MSC) CM" when the BM-MSCs had been Their media were tested for their ability to induce chemoresistance in IGROV-1 cells. As shown Figure 1F , while the physiological MSC CM did not confer chemoresistance to OTCs, iCA-MSC CM induced an increase in the chemoresistance of IGROV-1 cells to carboplatin, similar to that observed with CA-MSC CM ( Figure 1E and S1A). By culturing BM-MSCs in a tumoral context (secreted factors from OTCs or ascites) we modified their capabilities, they gained the ability to secrete factors that confer chemoresistance to OTCs, as was observed with tumor extracted CA-MSCs.
In order to verify our hypothesis in vivo, we injected ovarian tumor bearing nude mice (i.p. injection of 10 x 10 6 human SKOV-3 cells) with 1 x 10 6 BM-MSCs from healthy donors and analyzed their ability to confer chemoresistance to OTCs. SKOV-3 cells have been chosen because of the reproducible implantation of a tumor into animals using these cells compared to the IGROV-1 cells. Mice were injected with carboplatin once a week for three weeks beginning 10 days post BM-MSC injection. We waited 10 days before beginning the treatment, in order to allow the OTCs to interact with and potentially activate the BM-MSCs so to be as close as possible to the ex vivo experiment previously shown. We evaluated tumor progression seven days after the last injection of carboplatin by measuring the peritoneal cancer index (Table 1) as previously described [30] . Briefly, we analyzed the number of nodules and the size of the biggest nodule (as depicted in Table 1 ) and calculated the peritoneal cancer index. The injection of BM-MSCs into tumor bearing mice (SKOV-3) did not modify tumor progression ( Figure 1G ) but did modify the efficiency of the carboplatin treatment (chemoresistance). BM-MSCs injected into mice at the same time as OTCs conferred chemoresistance to OTCs in vivo ( Figure 1G ). BM-MSCs in the vicinity of OTCs could acquire a CA-MSC phenotype which in turn induced the ovarian cancer cell chemoresistance that we noticed in vivo.
CA-MSCs and iCA-MSCs lose their multipotency
We evaluated whether any of the three major signaling pathways involved in chemoresistance were activated in MSCs cultured in OTC CM. As shown Figure 2A and 2B, the PI3K/Akt, MAPK and NF-κB signaling pathways were activated in iCA-MSCs and this was observed either in iCA-MSCs derived from
MSCs cultured in CM from OTC lines (IGROV-1).
As BM-MSCs are multipotent cells, we evaluated whether CA-MSCs (isolated from patient tumors) were able to differentiate into osteoblasts or adipocytes. We used BM-MSC as control of differentiation and observed that BM-MSCs were able to differentiate into either osteoblasts or adipocytes. CA-MSCs were found to not be multipotent, as they had lost their ability to differentiate into osteoblasts or adipocytes ( Figure S2A and S3A). BM-MSCs that were cultured for 21 days in control medium were still multipotent.
On the contrary, BM-MSCs cultured in a tumoral environment lost their multipotency as when we tested the multipotency of the iCA-MSCs ( Figure S2B and S3B), these cells were found to not be multipotent.
Tumoral secreted factors induced the differentiation of multipotent BM-MSCs into iCA-MSCs, which lost their multipotency. CA-MSC seemed not to be cancer associated fibroblasts are derived from MSCs as they do not express the SMA and FAP expression
In these experiments, we found that when we culture BM-MSCs in OTC CM they acquire additional functions such as the ability to secrete factors that induce chemoresistance in OTCs, in addition they lose their multipotency. We observed a crosstalk between MSCs and OTCs. OTCs can activate MSCs, which are able in turn to help OTCs become resistant to chemotherapy.
CA-MSCs and iCA-MSCs overexpress the chemokines CXCL1, CXCL2 and IL-8
We observed that iCA-MSCs acquired functions such as the ability to secrete factors able to induce chemoresistance in OTCs, this was due to their tumoral environment and perhaps due to the activation of the PI3K/Akt, MAPK and NF-κB signaling pathways ( To identify the secreted factor over produced by CA-MSCs that mediates the acquisition of chemoresistance by tumor cells, we analyzed in silico data obtained from the gene expression analysis. We focused on secreted factors shown in the literature to be involved in the acquisition of chemoresistance and the activation of either the PI3K/Akt or the NF-κB signaling pathways, as previously described [10] . Between the candidates, we retained chemokines and more specifically the CXCR1/2 ligands as CXCL1 (fold increase = 259), CXCL2 (fold increase = 48) and IL-8 (fold increase = 979), that were overexpressed in iCA-MSCs compared to BM-MSCs ( Figure 2D ) and these chemokines are known to be involved in the chemoresistance of OTCs to cisplatin and taxan [18] or more generally in solid tumor progression [32] .
In order to confirm the results obtained by the nCounter® analysis, we performed RT-qPCR analysis on Finally, we evaluated the amount of the three CXCR1/2 ligands in serum from patients with ovarian adenocarcinoma collected at diagnosis. Tumors were given the status of "sensitive" or "resistant" as determined a posteriori. The classification of the relapse is obtained according to the duration of the platinum-free interval, corresponding to the time between the date of the last dose of platinum and the date of the relapse. Cancers whose recurrence is longer than 6 months are considered sensitive to platinum and if it is less than 6 months, it is considered resistant [33] . Table 2 presents the characteristics of the 21 patients.
As shown Figure 3G , there was an increased concentration of the three chemokines in the serum from patients with resistant tumors compared to those with sensitive tumors with p values of 0.046, 0.149 and 0.016 for CXCL1, CXCL2 and IL-8, respectively. The sum of the concentrations of CXCL1, CXCL2 and IL-8 was obtained by adding together the serum concentrations of these three chemokines, and it showed that patients with resistant tumors had a higher serum concentration of these three chemokines (p = 0.0049).
Our results showed that increased levels of CXCR1/2 ligands (CXCL1, CXCL2 and IL-8) could be associated with future tumor resistance to chemotherapy and may be predictive markers of a tumor's response to chemotherapy. Thus, they are a good target to explain the mechanism by which MSCs induce the acquisition of chemoresistance in OTCs.
CXCR1/2 inhibition and chemoresistance
In order to determine whether CXCR1/2 ligands could play a role in the chemoresistance mediated by While the CXCR1/2 inhibitor did not alter the viability of tumor cells alone ( Figure S4C ), it induced an increase in their sensitivity to carboplatin when they were cultured in complete medium alone. This is due to the inhibition of the autocrine production of IL-8 by the tumor cells [9] . The acquisition of chemoresistance by IGROV-1 cells mediated through factors secreted by CA-MSCs or iCA-MSC could be reversed by the presence of the CXCR1/2 inhibitor ( Figure 4A ). The acquisition of chemoresistance by IGROV-1 cells mediated through factors secreted by iCA-MSCs could also be reversed with the CXCR1/2 inhibitor ( Figure   4B ). The CXCR1/2 inhibitor was able to revert the chemoresistance acquisition mediated by CA-MSCs as well as sensitive OTCs to carboplatin.
We used an in vivo murine model to confirm that the CXCR1/2 inhibition could reverse the acquisition of chemoresistance by OTCs. We injected nude mice with ovarian adenocarcinoma cells (10.10 6 human SKOV-3 cells) admixed or not with human MSCs (1.10 6 cells). Mice were treated or not with carboplatin admixed or not with the CXCR1/2 inhibitor reparixin (usable in vivo) [35] . The progression of ovarian cancer was monitored by measuring bioluminescence both in real time at different time points post tumor injection, and in the different organs and peritoneal lavage fluid after the mice were sacrificed 36 days (D36) post tumor injection. As shown in Figure 4C , the co-administration of MSCs with OTCs did not modify tumor development. Treatment of mice with carboplatin reduced tumor development, unless the mice were co-administered with OTCs and MSCs. We confirmed here that MSCs induced chemoresistance in human
OTCs. Reparixin treatment reversed the chemoresistance induced by MSCs, as tumor progression was abolished when mice were treated with a mix of carboplatin and reparixin ( Figures 4D and 4E ).
We confirmed that inhibition of CXCR1/2 can reverse the acquisition of chemoresistance mediated by factors released by MSCs (CXCR1/2 ligands).
MSCs could play a role in the anti-tumoral activity of immune cells
Several authors, including us, have shown that factors secreted by MSCs at the MSC-macrophage interface are involved in re-educating macrophages by manipulating metabolic programs in differentially polarized macrophages [36, 37] . Some cytokines have been reported to play a role, including, in addition to IL-8 [38] , IL-6 and LIF [37, 39] . Transcriptomic analysis (Figure 2A ) of iCA-MSCs (MSC/igrov-1) and normal BMMSCs (six pairs of samples) revealed that iCA-MSCs overexpress factors involved in the activation of immune cells, in particular the CXCR1/2 ligands, IL-6 and LIF (whose upregulation was verified by RTqPCR, see Figure S4D and S4E) and CCL5, CXCL3, CXCL5 and CXCL6. Macrophages are activated either classically (M1 phenotype) or alternatively (M2 phenotype) [40] . M1 macrophages are classically antitumoral, whereas M2 are pro-tumoral. M2-polarized macrophages express high levels of CD206, CD163
and TGFβR, whereas M1 macrophages express high levels of CD40, CD80 and CD86 on their cell surface.
Ovarian cancer patients with a poor clinical outcome and chemoresistance have a high proportion of M2 polarized macrophages [41] .
To clarify the role of factors secreted by MSCs in macrophage polarization, we cultured naive monocytes from healthy donors in the presence of CM from BM-MSCs (physiological), CA-MSCs or iCA-MSCs for two days and performed an RT-qPCR analysis. For each gene, as shown in Figure 5A , we compared the quantity of mRNA between monocytes/macrophages that were cultured in macrophage SFM (control medium) or in CM from BM-MSCs (MSC/physio) or iCA-MSCs (MSC/igrov-1 or MSC/skov-3). . The levels of expression of M2 specific genes ( Figure 5A ) were increased in the monocytes/macrophages cultured in the presence of CM from iCA-MSCs. There was no significant difference in the expression of any tested M1 specific genes (CD80, CD16, CD86 …) Therefore, iCA-MSC CM was able to induce the upregulation of M2 specific markers, suggesting a conversion of naive monocytes to M2 macrophages.
As M2 macrophages (M2b, M2c and M2d) are pro-tumoral and do not have tumoricidal functions, we analyzed the tumoricidal functions of these polarized macrophages. We cultured genetically modified IGROV-1 OTCs (IGROV1-luc) with monocytes that had been activated in control medium or in CM from CA-MSCs ( Figure 5B ) or from various iCA-MSCs (MSC/igrov-1 or MSC/skov-3) or in ascites ( Figure 5C ).
Monocytes were cultured in ascites as a positive control for the M2 polarization of naïve monocytes, as has been previously described by Duluc et al. [39] . We evaluated the viability of the OTCs after three days by measuring luciferase activity. We observed that when the cells were co-cultured in control medium or in BM-MSC CM, the monocytes were able to kill between 70 to 80% of the OTCs. On the contrary, when the naïve monocytes were cultured in CM from CA-MSCs or iCA-MSCs they were not able to kill OTCs and allowed them to proliferate ( Figures 5B and 5C ).
In addition to their role in the acquisition of chemoresistance by OTCs, CA-MSCs could also be involved in the polarization of macrophages and the loss of their tumoricidal functions.
The tumoricidal function of macrophages could be restored by a CXCR1/2 inhibitor
As the CA-MSC and the iCA-MSC induced a modification of the tumoricidal activity of the macrophages unlike the BM-MSC and because this observation could be associated with a difference in the secretion of CXCL1 / 2 and IL-8 between these cells, we analyzed the impact of the CXCR1/2 inhibitor on the ability of macrophages cultured in CA-MSC CM to kill OTCs. We cultured genetically modified IGROV-1 OTCs (IGROV1-luc) with naïve monocytes in control medium or in CM from CA-MSCs or from various iCAMSCs (MSC/igrov-1 and MSC/skov-3) or in ascites in the presence or absence of the CXCR1/2 inhibitor.
We evaluated the viability of the OTCs after three days by measuring luciferase activity. As shown Figure   6A , we observed that while the naïve monocytes that had been cultured in CM from CA-MSCs or iCAMSCs or ascites did not to kill effectively OTCs, the same monocytes cultured in the same conditions but in the presence of the CXCR1/2 inhibitor had tumoricidal properties. The effect of the CXCR1/2 inhibitor was more pronounced on the monocytes cultured in CM from CA-MSCs than on the monocytes cultured in ascites.
Since treatment with the CXCR1/2 inhibitor restored the anti-tumoral properties of macrophages in vitro, we wondered if it could also modify the phenotype of macrophages in vivo. We analyzed the phenotype of macrophages isolated from the peritonea of human ovarian tumor (SKOV-3) bearing mice which were injected in the presence or absence of MSCs and treated or not with the CXCR1/2 inhibitor ( Figure 4C ).
M1 macrophages are characterized by the fact that they produce ROS [42] . We measured ROS production in macrophages isolated from mice that were injected with OTCs with or without MSCs and treated or not with a combination carboplatin and the CXCR1/2 inhibitor. As shown Figure 6B , there was a significant difference between macrophages isolated from mice injected with OTCs alone or injected with OTCs admixed with MSCs in the presence of carboplatin. We observed that the presence of MSCs caused a decrease in the ROS production by peritoneal macrophages. When the mice that were injected with OTCs and MSCs were treated with the CXCR1/2 inhibitor, we observed an increase in the production of ROS by the peritoneal macrophages. This suggests a polarization of the macrophages to an M1 phenotype and a tumoricidal effect. This fact could explain that we noticed that the mice co-injected with SKOV-3 cells and
MSCs and treated with carboplatin and the CXCR1/2 inhibitor presented a significant slowdown in tumor progression ( Figure 4C ).
In the same way, we analyzed the phenotype of peritoneal macrophages from tumor bearing mice treated or not with the CXCR1/2 inhibitor. As depicted in Figure 6C , when the mice were injected with a combination Thus, especially during peritoneal carcinomatosis, ADSCs from the epiploon could constitute a source of CA-MSCs, given their location, close to the OTCs disseminated in the peritoneum.
We found that one hundred genes were upregulated or downregulated in iCA-MSCs compared to their parental BM-MSCs. We analyzed six pairs of cells and obtained reproducible data. Genes were classified based on their implication in angiogenesis, metastasis, tumor cell proliferation, etc. We focused on genes implicated in the acquisition of chemoresistance and the recruitment of immune cells. Thus, CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL8 (IL-8) and CCL5 were found to be upregulated in iCA-MSCs.
As CXCL1, CXCL2 and IL-8 interact with the same receptors (CXCR1/2) we analyzed their combined interactions and implications for the acquisition of chemoresistance and the recruitment of immune cells in our model. We confirmed that their upregulation was correlated to patient prognosis. We found that the serum concentrations of these three chemokines, measured in ovarian adenocarcinoma patients at the time of diagnosis, predicted the sensitivity profile of the patients to platinum-based chemotherapy. This was a retrospective study, in the future we would like to perform a prospective study to show that chemokine assays can predict the future resistance of patients to treatment. If this were the case, we could adjust the treatment regimen accordingly.
We found IL-8 to be the most highly upregulated cytokine in CA-MSCs or iCA-MSCs. It has been reported to promote angiogenesis and cancer growth (47) , therefore in previous experiments we tried to abolish the acquisition of chemoresistance by tumor cells using an antibody directed against IL-8 [50] . We observed that the antibody had only a very weak effect, suggesting that IL-8 was involved in the acquisition of chemoresistance in association with other molecules and that the pathway involving IL-8 receptors was not inhibited because other molecules could activate these receptors like CXCL1 and CXCL2
Hence, in this study we analyzed the effect of the inhibition of the IL-8 receptors, CXCR1 and CXCR2.
Reparixin, a CXCR1/2 inhibitor, has been already used in a mouse model of pancreatic ductal adenocarcinoma to disrupt tumor/fibroblast interactions and improve the survival of tumor bearing mice [32] . We found that the CXCR1/2 inhibitor could reverse the acquisition of chemoresistance by tumor cells increases the number of cancer-supporting M2 macrophages [54] . In our study, we observed that MSCs could induce M2 polarization. In our model, reparixin, when co-administered with carboplatin, decreases the transcription of IL-10, a major marker of M2-type macrophages, and is responsible for an increase in ROS production by peritoneal macrophages and associated to an increase of the transcription M1 markers, as IL-1β, IL-6 and TNF-α.. Therefore, reparixin could sensitize OTCs to carboplatin by decreasing the proportion of type M2 macrophages, or by repolarizing these macrophages to an anti-tumoral phenotype.
In our final experiment when SKOV-3/MSC tumor bearing mice were treated with reparixin, we observed a decrease in the amount of CXCR1/2 ligands in the peritonea, suggesting that a blockade of the CXCR1/2 leads to a decrease in the expression of its ligands. In addition, we suggest that a decrease in the number of tumor cells could reduce the number of MSCs recruited to peritoneal tumors, resulting in a decreased concentration of the chemokines in the peritoneum. The use of chemokine receptor inhibitors could therefore have a direct effect on macrophages by restoring their anti-tumoral activity, moreover they could also have an indirect effect by decreasing the amount of chemokines secreted by CA-MSCs, which would reduce the polarization of macrophages to the M2 phenotype.
In this study, we show that CA-MSCs, which are part of the ovarian tumor microenvironment, can induce tumor cells to become resistant to chemotherapy such as carboplatin. These CA-MSCs secrete chemokines, including IL-8, CXCL1 and CXCL2 that bind to CXCR1/2. The combination of a CXCR1/2 antagonist with platinum-based chemotherapy may be a useful strategy to restore carboplatin sensitivity in OTCs, in addition it may also be able to modify the phenotype of TAMs and reinstate their anti-tumoral activity.
MATERIALS AND METHODS
A) Cell culture
The human ovarian adenocarcinoma IGROV-1 (a gift from the Gustave Roussy Institute, Paris) and SKOV-3 (ATCC: HTB-77) cell lines were grown in complete RPMI (RPMI supplemented with fetal calf serum (10%), L-Glutamine (1%) and penicillin / streptomycin (1%)).
Primary BM-MSCs from donors that had undergone orthopedic surgery (Médipole Clinic -Toulouse), CAMSCs from ovarian cancer patients, were grown in complete DMEM (DMEM supplemented with fetal calf serum (10%), L-Glutamine (1%) and penicillin / streptomycin (1%)).
Primary human macrophages derived from peripheral blood mononuclear cells (PBMC) were cultured in a serum-free medium, the Macrophage-SFM medium (Gibco ™).
All cells were cultured at 37°C in 5% CO 2 . They were regularly treated with Normocin ™ (Invivogen) (100 μg/mL), to prevent mycoplasma contamination.
B) Ascites and CM
Samples of ascites (n=10) from ovarian cancer patients were obtained from the biological resource center bank at the IUCT-Oncopole. The ascitic fluid was centrifuged at 300 g for 5 minutes. The supernatant was pooled and filtered at 0.2 μm. The CM from BM-MSCs, CA-MSCs, IGROV-1 and SKOV-3 cells corresponded to the supernatant of the cell culture media from confluent cells after 3 days of growth and filtered at 0.2 μm.
C) Isolation of CA-MSCs from patient biopsies
From fresh tumor biopsies of patients with ovarian cancer, cells were isolated according to their plastic adhesion and then sorted by FACS using the MSC Phenotyping Kit, human (Miltenyi Biotec). CD73+, CD90+, CD105+ and CD14-, CD20-, CD34-, CD45-cells were considered to be CA-MSCs.
D) Generation of iCA-MSCs
BM-MSCs were cultured in DMEM diluted 1:1 either with CM from the different types of OTCs or ascites.
The medium was renewed twice a week. iCA-MSCs were generated after 21 days. Three types of iCAMSCs: MSC/igrov-1, MSC/skov-3 and MSC/ascite, were induced using the CM of IGROV-1 or SKOV-3 cells or ascites, respectively. To generate CM from the iCA-MSCs, their medium was replaced by complete DMEM and three days later, the various supernatants were filtered at 0.2µm. MSCs cultured in complete DMEM were named physiological BM-MSCs. 2) Experiments to assess how macrophage co-culture effects OTC viability 5 x 10 4 PBMC-derived monocytes were added per well into 96-well white plates and were cultured in CM (diluted 1:1 with Macrophage-SFM (Gibco ™)) from BM-MSCs, CA-MSCs, iCA-MSCs or ascites. After 24 hours, 2.5 x 10 4 IGROV-1luc were added into the wells. After three days of co-culture, the viability of the IGROV-1luc cells was evaluated by bioluminescence using the Steady-Glo® Luciferase Assay System (Promega) according to the manufacturer's instructions.
E) Cell viability tests
F) Western blot analysis
Protein extractions were performed and 15 μg of extracted proteins were separated by SDS-PAGE and 
2) Transcriptomic analysis by Nanostring Technology
The total RNAs extracted from BM-MSCs and iCA-MSCs were analyzed by Nanostring® technology with the "nCounter PanCancer Immune Profiling Panel" to study the transcription of 770 genes [31] . A selection of 29 housekeeping genes was used to calculate the relative amount of target RNA.
3) Transcriptional analysis by RT-qPCR
Complementary DNA (cDNA) derived from total RNA was synthesized using the Verso cDNA Synthesis Kit (Thermo Fisher Scientific), according to the manufacturer's instructions. PCR was performed using the LightCycler® 480 SYBR Green I Master (Roche), according to the manufacturer's instructions.
The primers used are listed supplementary figure 5.
H) Quantification of CXCL1, CXCL2 and IL-8 concentrations by ELISA
The concentrations of murine and human CXCL1, murine and human CXCL2 and human IL-8 were determined by ELISA using the respective ELISA kits, EK0722, EK0723, EK0452 (Boster Biological Technology), ARG80185 (Arigo biolaboratories) and the IL-8 DuoSet® ELISA Development System (R&D Systems), according to the manufacturer's instructions.
I) Transcriptional analysis to study macrophage polarization in the presence of iCA-MSCs CM 1 x 10 5 PBMC were added per well in 48-well plate wells. Macrophages were selected by adhesion (2 hours) then they were immediately brought into contact with CM from BM-MSCs or iCA-MSCs. 24 hours later, macrophage RNAs were extracted as previously described.
J) In vivo experiments
1) Animals
Four to five week old female Swiss nude athymic mice (Charles River laboratories, France) were housed according to the standards of the Federation of European Laboratory Animal Science Associations. They were included in experiments after one week of quarantine. for evaluation and quantification.
5) Model 2: Organ luminescence
After euthanasia, the peritonea, spleens, livers and diaphragms of the mice were removed. These organs were dissected and placed in 96-well white plates. The peritoneal lavage fluid (150 μL) was also placed in white plates. After the addition of 150 μg/mL luciferin (XenoLight D-Luciferin-K + Salt Bioluminescent Substrate, PerkinElmer), organ luminescence was measured using the EnVision™ Multilabel Plate Reader (PerkinElmer).
6) Isolation of macrophages from the peritoneal lavage fluid
The peritoneal lavage fluid (see above) was centrifuged (300 g for 10 minutes). After lysis of the red blood cells, cells were separated using percoll (GE Healthcare Life Sciences, 17-0891), according to the manufacturer's instructions. 1 x 10 5 cells from the macrophage-containing fraction were inoculated in 48-well plates. The macrophages were selected by adhesion (2 hours). Their ROS production as well as their mRNA expression levels were evaluated as described below or previously, respectively.
7) Measurement of ROS production
After 2 hours of adhesion at 37°C and 5% CO 2 , the NADPH oxidase activity of peritoneal macrophages (1 x 10 5 ) was measured by chemiluminescence in the presence of 60 μM of a chemiluminogenic probe: luminol 
K) Statistics
For chemoresistance tests, RT-qPCRs, co-cultures, cytometry data, and in vivo test results, the comparison between groups was performed using a Wilcoxon-Mann Whitney test (independent non-parametric data). P 
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